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ABSTRACT 

The introduction of major hardware modifications for 
the Apollo J Missions will expand man's capability on the lunar 
surface, requiring a corresponding increase in the efforts 
devoted to surface operations planning. In particular, in- 
creased attention will be necessary in the area of LRV traverse 
design, A preliminary attempt to define a systematic approach 
to the interdisciplinary problem of traverse design is devel- 
oped, consisting of the following basic steps: 

1. Geologic interpretation of the region under 
study 

2. Definition of broad geologic objectives 

3 .  Definition of detailed geologic objectives 

4. Identification of features of interest 

5. Identification of candidate stations 

6, Construction of a preliminary traverse 
path consistent with ,constraints 

7. Assignment of activities to stations 

8. Assessment of the traverse 

9. Iteration of steps 6 through 8 .  

The construction of a traverse at a simulated lunar site, 
Merriam Crater, Arizona, provides a tangible example of each 
step proposed, as well as an overall illustration of a docu- 
mented traverse complete with activities. In addition, the 
traverse developed here may also be used at the test site to 
aid in the development and evaluation of traverse procedures, 
for LRV system evaluation, for crew training, and for traverse 
demonstration for management personnel- 
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INTRODUCTION 

The in t roduc t ion  of major hardware modi f ica t ions  for 
t h e  Apollo J Missions w i l l  expand man's c a p a b i l i t i e s  on t h e  
lunar  sur face .  T h e  extended LM w i l l  al low as t ronau t s  t o  in-  
crease t h e i r  l una r  su r face  s tay t ime,  t h e  -7 PLSS and B/SLSS 
w i l l  extend t h e  length  of t h e  EVA'S and t h e  available r a d i u s  
of opera t ions ,  and t h e  LRV and LCRU w i l l  permit t h e  a s t ronau t s  
t o  t r a v e l  farther on t h e  lunar  s u r f a c e ' t h a n  w a s  previously 
poss ib le .  This  enhanced c a p a b i l i t y ,  however, w i l l  r e q u i r e  a 
corresponding inc rease  i n  the e f f o r t s  devoted t o  su r face  opera- 
t i o n s  planning. 
necessary i n  t he  area of LRV t r a v e r s e  design.  
i s  a prel iminary at tempt  t o  d e f i n e  a sys temat ic  approach t o  t h e  

I n  p a r t i c u l a r ,  increased a t t e n t i o n  w i l l  be 
T h i s  memorandum 

t r a v e r s e  

s t e p s  : 

1. 
2. 
3 .  
4. 
5. 
6. 

7. 
8 .  

9. 

design process .  

The approach developed c o n s i s t s  of t he  following basic 

Geologic i n t e r p r e t a t i o n  of the  reg ion  under study 
Def in i t i on  of broad geologic  ob jec t ives  
Def in i t i on  of d e t a i l e d  geologic  ob jec t ives  
I d e n t i f i c a t i o n  of f e a t u r e s  of i n t e r e s t  
I d e n t i f i c a t i o n  of candida te  s t a t i o n s  
Construct ion of a prel iminary t r a v e r s e  pa th  c o n s i s t e n t  

Assignment of ac t iv i t ies  t o  s t a t i o n s  
Assessment of the  traverse 
I t e r a t i o n  of s t e p s  6 through 8. 

w i t h  c o n s t r a i n t s  

A s  o u t l i n e d ,  the process  i s  i n t e r d i s c i p l i n a r y ,  com- 

Each s t e p  i s  designed 
b in ing  t h e  s c i e n t i f i c  i n t e r p r e t a t i o n s  of the  g e o l o g i s t  with 
t h e  hardware analyses  of the  engineer.  
t o  be se l f -conta ined ,  while t he  o v e r a l l  framework a f f o r d s  a 
maximum opportuni ty  f o r  interchange and documentation. 
Should modi f ica t ion  t o  an e x i s t i n g  t r a v e r s e  be r equ i r ed ,  
r e p e t i t i o n  of the e n t i r e  design process i s  no t  necessary.  
s t e a d ,  reasonable  changes can be made using work a l ready  documented. 

a 
In- 
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T o  i l l u s t r a t e  t h e  proposed approach a traverse i s  
constructed a t  Merriam Crater near  F l a g s t a f f ,  Arizona, analogous 
t o  one of several such sorties envisioned f o r  each J mission 
landing s i te .  
H i l l s ,  one of t h e  proposed J mission si tes,  as w e l l  as i t s  
a v a i l a b i l i t y  as a t es t  s i te  f o r  traverse demonstration. N o  
a t tempt  has  been made i n  t h e  t r a v e r s e  t o  provide a f u l l - s c a l e  
geologic  i n v e s t i q a t i o n  of t h e  area, as t h e  purpose of t h i s  memo- 
randum i s  to  d e l i n e a t e  an approach t o  ope ra t iona l  planning. 

The area w a s  chosen f o r  i t s  s i m i l a r i t y  t o  Marius 

TRAVERSE D E S I G N  PROCESS 

Unlike t e r r e s t r i a l  geology, prel iminary geologica l  
i n t e r p r e t a t i o n  of planned lunar  landing s i tes  must by necess i ty  
be performed without  phys ica l  access t o  t h e  s i te .  Photogeologic 
i n t e r p r e t a t i o n  i s  t h e r e f o r e  a primary t o o l  f o r  i n v e s t i g a t i n g  
luna r  sites. I n  t h e  Merriam traverse design process  only t h e  
type  of information which would be a v a i l a b l e  from photogeologic 
i n t e r p r e t a t i o n  has been used. A s t e p  by s t e p  d e s c r i p t i o n  of 
t h e  traverse design process  o u t l i n e d  above, w i t h  a corresponding 
i l l u s t r a t i o n  of each s t e p  a s  used i n  the  cons t ruc t ion  of t h e  
t r a v e r s e  a t  M e r r i a m  Crater fol lows.  

1. Geologic I n t e r p r e t a t i o n  - T h i s  s t e p  i s  designed t o  
provide t h e  basic geologic  model of  t h e  reg ion  under study. 
The model i s ,  i n  t u r n ,  used t o  d e f i n e  both t h e  broad and de- 
t a i l e d  geologic  o b j e c t i v e s  f o r  a given si te.  Fac tors  such a s  
geologic  age,  s t r u c t u r a l  h i s t o r y ,  and r eg iona l  s e t t i n g  are 
combined t o  provide an o v e r a l l  theory of t he  c u r r e n t  geology a t  
t h e  site. 

The area a t  M e r r i a m  C r a t e r  shown i n  Figure 1 i s  p a r t  
of an assumed volcanic  f i e l d  some 2,000 square m i l e s  i n  area 
containing numerous apparent  l ava  flows and c inde r  cones of 
suggested basal t ic  composition. I n  add i t ion ,  a few l a r g e  vol- 
can ic  c e n t e r s  are ev ident ,  which are assumed t o  have produced 
more s i l i c ic  l avas .  T h e  San Francisco volcanic  f i e l d ,  of which 
M e r r i a m  C r a t e r  i s  a p a r t ,  i s  assumed t o  be one of t h e s e  volcanic  
cen te r s .  T h e  reg ion  i s  geo log ica l ly  young, over ly ing  o l d e r  
ho r i zon ta l  marine and sedimentary l a y e r s  (Reference 1). 

2. Broad Geologic Object ives  - T h e  broad o b j e c t i v e s  
i d e n t i f y  information requi red  t o  i n v e s t i g a t e  t h e  basic geologic  
model used f o r  t h e  s i te .  Acquis i t ion  of  d a t a  r equ i r ed  t o  de- 
termine age,  r eg iona l  s e t t i n g  and s t r u c t u r a l  r e l a t i o n s h i p s  i s  
spec i f i ed ,  without  regard  t o  t h e  s p e c i f i c  s t r u c t u r e s  or methods 
requi red  t o  compile t h e  d a t a .  Thus, the gene ra l  information 
requi red  is  def ined ,  b u t  no l i m i t a t i o n s  are set  which might be 
a f f e c t e d  by ope ra t iona l  or hardware modif icat ions a t  a la ter  
p o i n t  i n  t h e  planning. 
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The broad geologic objectives at Merriam Crater are: 

a. Acquire samples and study structural relation- 
ships of volcanic constructional land forms 
associated with the San Francisco volcanic field. 

b. Determine the extent of magmatic differentiation 
at the site. 

c. Perform age dating of the volcanic events. 

3 .  Detailed Geologic Objectives - The detailed objectives 
define the techniques which should be employed to fulfill the 
broad objectives. Methods of obtaining data are detailed includ- 
ing the depth of information required to meet each objective. 

The detailed geologic objectives at Merriam Crater are: 

a. Describe and sample in detail several of each 
type of the major constructional features 
interpreted as volcanic. 

b. Establish a local stratigraphic sequence by 
direct observation of local superposition and 
intersection relations. 

c. Carry out traverse geophysics in support of 
the geologic investigations in order to 
establish subsurface structure bearing 
directly on the major geologic problems of 
the site (modified from Reference 2). 

4 .  Geologic Features of Interest - Once detailed geologic 
objectives have been established, the physical geology of the 
site is examined in more detail to determine the types and fre- 
quency of major geologic uhits. Photogeologic interpretation 
can lead to an orthophotographic representation showing various 
classes of units and their interrelationships. 

geologic features: 
The Merriam Crater area exhibits four basic types of 

a. Cinder cones and volcanic vents 

b. Lava flows 

c. Air fall deposits 

d. Surficial material 
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5, I d e n t i f i c a t i o n  of Candidate S t a t i o n s  - A f t e r  i d e n t i f y -  
i ng  the  major geologic  u n i t s  a t  t h e  s i te ,  a set of candida te  
sc ience  s t a t i o n s  is  defined.  Often these  s t a t i o n s  w i l l  be a t  
i n t e r f a c e  p o i n t s  between t h e  u n i t s  i d e n t i f i e d  i n  o rde r  t o  sample 
as many u n i t s  as p o s s i b l e  a t  one s t o p ,  o r  t o  determine t h e  
r e l a t i o n s h i p  between the  u n i t s .  A s  many candidate  s t a t i o n s  as 
poss ib l e  are i d e n t i f i e d ,  and an at tempt  i s  made t o  provide re- 
dundancy of s t a t i o n  types (e.g., i n t e r f a c e  of t h e  same types  of 
f e a t u r e s )  so t h a t  a choice among s i m i l a r  s t a t i o n s  may be made t o  
include those which w i l l  m e e t  t h e  geologic  ob jec t ives  wi th in  the  
ope ra t iona l  c o n s t r a i n t s .  

Figure 2 shows 60 candidate  s t a t i o n s  i d e n t i f i e d  f o r  
t h e  M e r r i a m  C r a t e r  area. The geology a t  each s t a t i o n  is  de- 
s c r ibed  i n  Table l. 

6. Construct ion of a Traverse Pa th  - A LM landing p o i n t  
i s  chosen i n  the  a r e a  of i n t e r e s t  c o n s i s t e n t  w i t h  landing cri- 
t e r i a  w i t h  r e spec t  t o  approach path and landing e l l i p s e  t e r r a i n .  
I f  poss ib l e ,  the  landing p o i n t  should be c e n t r a l  t o  t h e  area of 
i n t e r e s t .  The t r a v e r s e  is  then  designed by combining t h e  objec- 
t i v e s ,  f e a t u r e s  of i n t e r e s t ,  and poss ib l e  s t a t i o n s , d i s c u s s e d  
above, with the  requi red  a c t i v i t i e s ,  c o n s t r a i n t s ,  and assumptions 
discussed i n  Appendices B and C. A prel iminary t r a v e r s e  i s  con- 
s t r u c t e d  jo in ing  t h e  minimum number of s t a t i o n s  which can e f fec-  
t i v e l y  f u l f i l l  mission ob jec t ives ,  

The f i n a l  traverse designed f o r  t h e  M e r r i a m  C r a t e r  area 
i s  shown i n  Figure 3 .  The t r a v e r s e  i s  16 .8  km i n  length  and 
reaches a maximum r e t u r n  d i s t ance  t o  t h e  LM of j u s t  under 3 km. 
The landing p o i n t  i s  i n  a smooth, open f i e l d  w i t h  a r ad ius  of 
about 1 km. T h e  LM i s  v i s ib l e  f r o m  8 of t he  1 4  t r a v e r s e  s t a t i o n s .  
The s t a t i o n  numbers correspond t o  t h e  p o t e n t i a l  s t a t i o n s  i d e n t i -  
f i e d  i n  Figure 2 ,  except  f o r  s t a t i o n  30a, which i s  equiva len t  
t o  t h e  u n i t  sampled by s t a t i o n  30 b u t  i n  a p o s i t i o n  of g r e a t e r  
convenience f o r  the  t r a v e r s e .  

Table 2 summarizes the  t i m e s  and d i s t a n c e s  a s soc ia t ed  
with t h e  traverse. A r r i v a l  and depar ture  t i m e s  a t  each s t a t i o n  
are ind ica t ed  i n  e lapsed EVA t i m e .  Cons is ten t  w i t h  t h e  l i f e  
support  c o n s t r a i n t s  discussed i n  Appendix C,  t h e  EVA is  6 hours 
and 50  minutes i n  length ,  with t h e  t r a v e r s e  i t s e l f  using 5 hours 
and 20 minutes. Riding t h e  LRV consumes 2 hours and 6 minutes,  
while 3 hours and 1 4  minutes are spen t  a t  t h e  sampling s t a t i o n s .  

7. Assignment of A c t i v i t i e s  t o  S t a t i o n s  - A s t a t i o n  
type i s  determined and a c t i v i t i e s  are assigned t o  each s t a t i o n  
depending upon i ts  geologic  and geographic characteristics, For 
ins tance ,  t e l e v i s i o n  would tend t o  be u t i l i z e d  a t  t h e  geographic 
extremes of t h e  traverse, a t  high a l t i t u d e  a f fo rd ing  good sur-  
v e i l l a n c e  of t h e  area, and a t  s t a t i o n s  where o t h e r  requirements 
r e s u l t  i n  a long s t a t i o n  t i m e .  
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At some stations only a minimum amount of sampling is 
necessary to fulfill the scientific objectives. Other than 
generalized photography of the area there is no documentation 
of the samples required, and sample selection is almost at ran- 
dom. The total time at such a station is less than 5 minutes. 
A second type of station requires greater time but is designed 
for minimum overhead, and thus includes no television and mini- 
mum use of traverse science instrumentation. It includes a few 
documented samples and similar activities of relatively short 
duration, The final station type includes deployment of tele- 
vision and traverse science instrumentation, and is used when 
extensive investigation of a station is desired. 

Appendix A contains individual station data sheets 
indicating the activities to be performed at each station on 
the Merriam Crater traverse. Each sheet contains the station 
number, its location on the grid in Figure 3 and a description 
of the geologic units at the station. In addition, the speci- 
fic samples required, the experiments to be deployed, the 
photos to be taken, the communications to be established, and 
the operations to be undertaken, as well as the associated 
times for these activities, are indicated. The activities at 
each station are summarized in Table 3 .  The specific details 
of these.activities are discussed further in Appendix €3. 

8 .  Assessment of the Traverse - Once the traverse 
stations and activities have been chosen, a feasibility analy- 
sis is performed to insure that the mission objectives have 
been met, consistent with the operational constraints, In 
particular, metabolic rates, EMU capabilities, communications 
and walkback constraints must be matched against each portion 
of the traverse. These constraints and their implications are 
discussed in more detail in Appendix C. 

9, Iteration - Once a preliminary traverse has been con- 
structed, adjustments to account for constraint violation, mis- 
allocation of time between science and operations, or variation 
in LM landing site are made by iterating steps 6 through 8 .  
Additional stations and modifications are inserted as constraints 
and requirements permit. The structure .defined here facilitates 
this process because the objectives of the mission and points 
which meet these objectives are defined. This permits modifica- 
tion of the traverse to be accomplished within a consistent and 
well defined framework which minimizes the effort required for 
such changes. 

CONCLUSIONS 

The traverse design process presented in this memorandum 
has been developed to provide a systematic approach to an inter- 
disciplinary problem. A defined structure for interchange 
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and documentation is presented in an effort to minimize time 
currently devoted to lengthy review and revision cycles. The 
actual construction of a traverse at a simulated lunar site 
provides a tangible example of each step proposed, as well as 
an overall illustration of a documented traverse complete with 
activities. In addition, the traverse developed herein may be 
used at the test site for several other operationally-oriented 
activities, including: 

1. Evaluation and development of traverse 
procedures. 

2, LRV systems development.and evaluation, 

3. Crew training. 

4. Traverse demonstration for management 
personnel. 

It is felt that the current work, 
will prove useful in a variety of 
J mission lunar surface planning. 

though preliminary in 
activities associated 

nature, 
with 

2032-JCS-~d~ PB 
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FIGURE 2 - SCIENTIFIC STATIONS OF INTEREST 
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FIGURE 3 - MERRIAM CRATER T R A V E R S E  



TABLE 1 

MERRIAM CRATER AREA STATION DESCRIPTIONS 

STATION 
NO. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10.  

11. 

12. 

13. 

1 4 .  

15. 

16. 

17 .  

18 .  

19. 

20. 

21. 

22. 

23. 

24. 

‘I 

25. 

26 

27. 

28. 

29. 

30. 

DESCRIPTION 
STATION 
NO. 

s lope  of cone 31. 
junc t ion  of cone and 
t w o  flows 

32. 

i n s i d e  cone 33, 
junc t ion  of cone, flow, 
and s u r f i c i a l  d e p o s i t  34. 
edge of cone a t  mouth 
flow f i e l d  35. 

edge of cone a t  s u r f i c i a l  
depos i t  

t r i p l e  flow con tac t  38. 

36. 

flow f i e l d  37. 

flow edge a t  s u r f i c i a l  
depos i t  39. 

flow edge a t  t u f f  r i n g  40. 

flow edge a t  t u f f  r i n g  41. 

ou t s ide  of t u f f  r i n g  a t  42, 

s u r f i c i a l  material 43. 

flow s t r u c t u r e  44. 

outcrop of t u f f  r i n g  45. 
s m a l l  f l o w  f i e l d  
edge of flow f r o n t  on 
second flow 
t u f f  r i n g  a t  s u r f i c i a l  
depos i t  
double flow con tac t  
t r i p l e  flow con tac t  

46. 

47. 

48. 

49. 

50. 

edge of cone 51. 
t u f f  r i n g  a t  f l o w  
edge of f l o w  a t  t u f f  r i n g  52. 

double flow con tac t  a t  
t u f f  r i n g  
t u f f  r i n g  

53. 

54  

55, 

junc t ion  of two - flows 56. 
t r i p l e  flow con tac t  
a i r  f a l l  a t - f l o w  f i e l d  

57. 

58. 

flow edge a t  s u r f i c i a l  material 59. 

f l o w  f i e l d  60. 

DESCRIPTION 

a i r  f a l l  
f l o w  edge a t  s u r f i c i a l  
material 
junc t ion  of t w o  flows 
a t  cone base 
flow edge a t  s u r f i c i a l  
material 
flow a t  cone base 
flow edge a t  s u r f i c i a l  
material  
f l o w  a t  cone base 
mul t ip l e  flows a t  cone 
mouth 
r i m  of cone 
mouth of cone 
f l o w  a t  a i r  f a l l  
mouth of cone a t  flow 
base of cone a t  f l o w  
cone r i m  
double flow con tac t  
between t w o  cones 
i n s i d e  cone 
double flow a t  cone 
con tac t  of two cones 
flow f i e l d  
con tac t  of two cones a t  
f l o w  
double flow con tac t  a t  
cone 
t r i p l e  flow con tac t  
flow f i e l d  
t r i p l e  f l o w  con tac t  
t r i p l e  f l o w  con tac t  
flow a t  cone mouth 
double flow c o n t a c t  
flow f i e l d  
flow f i e l d  
t r i p l e  flow con tac t  



TABLE 2 

TRAVERSE SUMMARY 

, 

Cumulative 
Travel Travel Station EVA Travel 
Distance Time Time Time Distance 

Station (m) (hrs :min) (hrs :min) (hrs :min) (-1 

LM 

38 

50 

54 

43 

42 

30a 

33 

27 

9 

24 

15 

5 

14 

25 

LM 

1.5 

1.6 

1-2 

1.4 

0.7 

1.0 

0.9 

1.0 

1.4 

1.4 

0-5 

1.0 

1.3 

0.9 

1.0 

0:ll 

0:12 

0:09 

0:10.5 

0:05 

0:07.5 

0:07 

0:07.5 

0~10.5 

0:10.5 

0:04 

0:07.5 

0:lO 

0:07 

0:07.5 

0:45 

0:12.5 

0:03.5 

0:23 

0:03 

0:23 

0:02.5 

0:39 

0:03 

0:23 

0:03.5 

0:23.5 

0:28 

0:03 

0:03 

0:45 

0:45 
0:56 
1:08.5 
1:20.5 
1:24 
1:33 
1:56 
2:06.5 
2:09.5 
2:14.5 
2:37.5 
2:45 
2:47.5 
2:54.5 
3:33.5 
3:41 
3:44 
3:54.5 
4:17.5 
4:28 
4:31.5 
4:35.5 
4:59 
5:06.5 
5:34.5 
5:44*5 
5:47.5 
5:54.5 
5:57.5 
6:05 
6:50 

1.5 

3.1 

4.3 

5.7 

6.4 

7.4 

8.3 

9.3 

10.7 

12.1 

12.6 

13.6 

14.9 

15.8 

16.8 
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APPENDIX A 

Indiv idua l  Stat ion D a t a  Sheets  

. 



STATION NUMBER 3- 

LOCATION x 8 . 5  RANGE TO LM ' 0 5  

AZIMUTH TO LM -Ig0 32.0 
Y 

DESCRIPTION: Multiple flows at cone mouth 

SAMPLES REQUI RED: 

Documented 1. rim material 
2. flow 

TIME 7:00 

EXPE R I MENTS/PHOTOS: 

Pan photo 

OPERATIONS/COMMUN ICATIONS 

Align omni antenna 
Navigation update 
Status report 
Maintenance 

TIME 

3:30 
TIME 

12:30 
TOTAL STATION TIME 



50 STATION NUMBER 

LOCATION x 1 0 . 3  RANGE TO LM 2.5 

Y 3 3 . 9  AZIMUTH TO LM -310 

DESCRIPTION: Contact of two cones a t  flow 

SAMPLES REQUIRED: 

G r a b  1. Sprouhl 
2. cone 
3. flow 

EXPERIMENTS/PHOTOS: 

Photo a r e a  

0 :30 TIME 

OPERATIONS/COMMUNICATIONS 

Align omni antenna 
Navigation update 
S ta tus  r e p o r t  
Maintenance 

TIME 

3:30  TOTAL STATION TIME 



STATION NUMBER 

LOCATION 

DESCRIPTION: 

54  

12.4 RANGE TO LM 3 . 1  X 

Y 3 5 . 5  AZIMUTH TO LM -3 .9O 

T r i p l e  flow con tac t  

SAMPLES REQUIRED: 

Documented 1. dark flow 
2 .  mottled flow 
3. l i g h t  flow 

1o :oo  TIME 

EXPE R I M E NTS/PHOTOS 

Pan photo 
Magnetometer 

7:OO TIME 

OPERATIONS/COMMUNICATIONS: 

Align high ga in  antenna 
Navigation update 
S ta tus  r e p o r t  
Switch LCRU t o  TV 
Maintenance 

6:OO TIME 

23:OO 
TOTAL STATION TIME 



n 

STATION NUMBER 43 

2.3 
32.5 AZIMUTH TO LM -56O 

LOCATION x 12.5 RANGE TO LM 

Y 

DESCRIPTION: Base of cone at flow 

SAMPLES REQUl RED: 

Grab 1. dark flow 
2. light flow 
3. Merriam 

EXPERIMENTS/PHOTOS 

Photo area 

TIME O z 3 0  

OPERATIONS/COMMUNICATlONS: 

Align ornni antenna 
Status report 
Maintenance 

l : o o  TIME 

3:OO TOTAL STATION TIME 



42 STATION NUMBER 

RANGE TO LM 1*7 
AZIMUTH TO LM 

10.5 
32.4 

LOCATION X 

Y 
-43O 

DESCRIPTION: Mouth of cone at flow 

SAMPLES REQUIRED: 

Documented 1. rim 
2. inside 
3. mouth 

Core tube in mouth or rim 
15:OO 

TIME 

EXPE R I MENTS/PHOTOS: 

Pan photo 

TIME 2:oo 

OPERATIONS/COMMUNICATIONS 

Align high gain antenna 
Navigation update 
Status report 
Switch LCRU to TV 
Maintenance 

6:OO TIME 

23:OO 
TOTAL STATION TIME 



STATION NUMBER 30a 

LOCATION x 11.9 RANGE TO LM b 
Y 31.1 AZIMUTH TO LM -67' 

DESCRIPTION: Flow f i e l d  

SAMPLES REQUIRED 

Grab 1. f l o w  
2 .  flow 

1: 0 0  TIME 

EXPERIMENTS/PHOTOS: 

Photo ..area 

TIME 0:30 

OPERATIONS/COMMUNICATIONS: 

Align omni antenna 
S t a t u s  r e p o r t  
Maintenance 

TIME 1: 00 

2: 30 
TOTAL STATION TIME 



STATION NUMBER 33 

LOCATION X 13.9 RANGE TO LM 2.5 
-78' AZIMUTH TO LM 30.6 Y 

DESCRIPTION: Junction of two flows at cone base 

SAMPLES REQUl RED: 

Documented 1. Merriam 
2. high flow 
3. low flow 

Magnetic 
Gas analysis 
Trench TIME 28: 00 

EXPE R I MENTS/PHOTOS: 

Seismic profiling 

TIME 5:OO 

OPE RAT1 ONS/COMMUNICATIONS: 

Align high gain antenna 
Navigation update 
Status report 
Switch LCRU to TV 
Maintenance 

TIME 6:OO 

39: 00 TOTAL STATION TIME 



STATION NUMBER 2 7  

LOCATION x 13.4 RANGE TO LM 2 . 3  
2 8 . 5  AZIMUTH TO LM -96' Y 

DESCRIPTION: T r i p l e  f l o w  Contact 

SAMPLES REQUl RED: 

G r a b  1. high f l o w  
2 .  medium f l o w  
3 .  low f l o w  

EXPE R IMENTS/PHOTOS: 

Photo area 

OPERATIONS/COMMUNICATIONS: 

Align omni antenna 
S t a t u s  r e p o r t  
Maintenance 

1: 00 TIME 

TOTAL STATION TIME 3' O0 



STATION NUMBER 9 

LOCATION x 12.8 RANGE TO LM 24 
Y 26.1 AZIMUTH TO LM -120O 

SAMPLES REQUl RED: 

Documented 1. flow r i g h t  
2.  flow l e f t  
3. flow bottom 

EXPE R I MENTS/PHOTOS 

Pan photo 
Magnetometer 

OPERATI ONS/COMMUN ICATIONS 

Align high g a i n  antenna 
Navigation update 
S t a t u s  r e p o r t  
Switch LCRU t o  TV 
Maintenance 

TIME 6:oo 

23: 00 
TOTAL STATION TIME 



c 

STATION NUMBER 2 4  

1 0 . 6  RANGE TO LM 1 . 2  LOCATION X 

Y 28.2 AZIMUTH TO LM -108O 

DESCRIPTION: Double flow con tac t  a t  t u f f  r i n g  

SAMPLES REQUl RED: 

G r a b  1. t u f f  r i n g  
2 .  f l o w  l e f t  
3 .  flow i n  r i n g  d i p  

TIME 

EXPERIMENTS/PHOTOS 

Photo a rea  

OPERATIONS/COMMUNICATlONS 

Align omni antenna 
Navigation update 
S ta tus  r e p o r t  
Maintenance 

1: 30 TIME 

3 : 3 0  TOTAL STATION TIME 



15 STATION NUMBER 

LOCATION X 9 . 8  RANGE TO LM 1 . 2  
-130O AZIMUTH TO LM y 27.3 

DESCRIPTION: Outcrop of t u f f  r i n g  

SAMPLES REQU I RED: 

Documented 1. t u f f  r i n g  

C o r e  tube i n  t u f f  r i n g  

2 .  outcrop 
3. i n s i d e  r i n g  

TIME 1 5 : O O  

EXPE R I MENTS/PHOTOS 

Magnetometer 

TIME 5 r 0 0  

OPERATIONS/COMMUNICATIONS: 

Align omni antenna 
Navigation update 
S t a t u s  r e p o r t  
Maintenance 

3:30  TIME 

23:30 TOTAL STATION TIME 



STATION NUMBER 5 

LOCATION x 9 . 4  RANGE TO LM 

Y 25.2 AZIMUTH TO LM 

DESCRIPTION: Edge of cone a t  mouth 

SAMPLES REQUl RED: 

Documented 1. cone 
2 .  flow 

C o r e  tube i n  cone 
Trench 

EXPE R I  MENTS/PHOTOS: 

Pan photo 

TIME 2:oo 

OPERATIONS/COMMUNICATIONS: 

Align high ga in  antenna 
Navigation update 
S t a t u s  r e p o r t  
Swi t ch  LCRU t o  TV 
Maintenance 

TIME 6: 00 

28: 00 TOTAL STATION TIME 



a 

c 

STATION NUMBER 1 4  

LOCATION x 7 . 3  RANGE TO LM 0 . 8  
Y 27 .2  AZIMUTH TO LM -115' 

DESCRIPTION: Flow S t r u c t u r e  

SAMPLES REQUIRED: 

G r a b  1. s t r u c t u r e  
2.  f l o w  

EXPER I MENTS/PHOTOS 

Photo area 

TIME 0:30 

OPERATIONS/COMMUNICATIONS 

Align omni antenna 
S t a t u s  report 
Maintenance 

1: 00 
TIME 

3:OO TOTAL STATION TIME 



L 

25 STATION NUMBER 

LOCATION x 9 . 2  RANGE TO LM O o 7  
+177O 

Y 28 .2  AZIMUTH TO LM 

DESCRIPTION: Tuff r i n g  

SAMPLES REQUl RED: 

G r a b  1. t u f f  r i n g  
2 .  t u f f  r i n g  

EXPE R I MENTS/PHOTOS 

Photo area 

0: 30 TIME 

OPE RAT1 ONSlCOMMUN I CAT1 ONS: 

Align omni antenna 
S t a t u s  r e p o r t  
Maintenance 

TIME O 0  

3: 00 TOTAL STATION TIME 
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APPENDIX B 

Activities 

A summary of the activities to be carried out at each 
traverse station is shown in Table 3 ,  Most of these activities, 
together with sampling station timelines, are discussed in more 
detail in references 3 and 4. 

1.. Operations - Navigation system updates are included 
in the operations portion of the station activities. The LRV 
navigation system displays range and azimuth to the LM to 
provide information for emergency return to the LM. Each indi- 
vidual station data sheet contains x and y values to aid in 
location of the station on the maps and range and azimuth 
values to match against LRV navigation system readings. Gyro 
drift in the navigation system requires that the system be 
updated approximately every half hour. The updating process 
involves aligning the LRV directly downsun, so that the sun 
shadow device on the LRV console is illuminated, and torquing 
the gyros to correct for the indicated error. Navigation up- 
dates require approximately 1 minute, during which no ingress/ 
egress or loading/unloading operations may be performed on 
the LRV, navigation updates are normally scheduled as one of 
the last activities prior to leaving a station. 

Status reports are included at all stations. The 
crew are requested to check and report LRV, LCRU, and PLSS 
status at these times. Status reports of experimental equip- 
ment and cameras, as well as film frame counts,'are assumed to 
take place during use of that equipment. Additional mainten- 
ance and overhead activities are included in the operations 
category, including ingress/egress and loading/unloading oper- 
ations. 

2. Communications - At stations at which TV is scheduled 
for use, the high gain antenna must be deployed and aligned. 
The LCRU must also be reset to provide TV coverage. The activi- 
ties associated with unstowing, aligning, and stowing the anten- 
na and LCRU switching consume about 2 minutes of one crewman's 
time at a station at which TV is used. In addition, the LCRU 
must be brushed to remove dust at each stop. It is suggested 
that a target atop Merriam Crater may be appropriate for high 
gain antenna alignment during the simulated traverse. A relay 
station on Merriam could send the LCRU signal to Flagstaff, 
and then, possibly, to MSC for a full simulation. 
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While r i d i n g  and a t  s t a t i o n s  without  TV t h e  l o w  ga in  
antenna i s  used f o r  communications. It  i s  assumed t h a t  t h i s  
antenna w i l l  be r ea l igned  whenever necessary upon ground reques t , .  
b u t ,  a t  a minimum, w i l l  be r ea l igned  a t  any t r a v e r s e  s t o p  a t  
which the  high g a i n  antenna i s  n o t  used, 

3 .  Photography - The l o c a t i o n  and con tex t  of m o s t  s t a t i o n s  
are documented by photography. Panoramic photography is  general-  
l y  c a l l e d  for  a t  longer  s tops  and provides  a f u l l  360° record of 
t h e  f e a t u r e s  v i s i b l e  from t h e  s t a t i o n ,  as w e l l  as t h e  local topo- 
graphy. Pan photos r e q u i r e  about 2 minutes of s t a t i o n  t i m e .  A t  
s h o r t e r  s t a t i o n s ,  area photography, or gene ra l  documentation of 
i n t e r e s t i n g  f e a t u r e s  and l o c a l  t e r r a i n  i s  c a l l e d  for .  This 
require.s half  a minute o r  so. 
t h e  7 0  mm Hassleblad camera. U s e  of the  16  mm sequence camera 
i s  o p t i o n a l ,  and eonsidered to be p a r t  of ope ra t iona l  overhead. 
U s e  of t h e  ALCSC and LGEC i s  considered t o  be p a r t  of documented 
sampling. 

T h i s  photography is  performed with 

4. Documented Samples - I n  order  t o  e s t a b l i s h r t h e  contex t  
wi th in  which a s p e c i f i c  sample w a s  obtained and t o  provide a 
d e t a i l e d  record  of t h e  exac t  p o s i t i o n  and o r i e n t a t i o n  of the  
sample r e l a t i v e  t o  i ts  surroundings,  photographs a r e  taken of it 
w i t h  t h e  LGEC p r i o r  t o  sampling and of t h e  area f r o m  which it 
c a m e  after it has been removed. Documentation may be of an ind i -  
v idua l  sample or  of a genera l ized  a r e a  from which a number of 
samples are c o l l e c t e d .  

F u l l  documentation of one sample, inc luding  a reasdna- 
b le  per iod f o r  sample l o c a t i o n ,  s e l e c t i o n ,  and bagging is  assumed 
t o  take  3 minutes. An a d d i t i o n a l  minute of overhead pe r  s t a t i o n  
is  charged f o r  deployment and p repa ra t ion  of sampling equipment. 
The geologic  u n i t  from which samples are t o  be obtained i s  ind i -  
cated i n  t h e  i n d i v i d u a l  s t a t i o n  d a t a  s h e e t ,  

5. Grab Samples - A t  some s t a t i o n s  only  genera l ized  photo- 
graphy of t h e  area i s  requi red  and no documentation of t h e  sample 
is necessary.  T h e  samples are taken from a p o i n t  w e l l  wi th in  a 
geologic  u n i t ,  and t w o  or t h r e e  samples t y p i c a l  of t h e  u n i t  are 
gathered a t  random i n  the per iod  of about a minute. The  samples 
des i r ed  are l i s t e d  on the  i n d i v i d u a l  s t a t i o n  d a t a  shee t .  

6. C o r e  Tubes - A co re  tube  provides  data on subsurface 
l aye r ing  and geologic  and geochemical changes as a func t ion  of 
depth. A core tube i s  documented i n  a manner s i m i l a r  t o  t h a t  
for  a documented sample, and t h e  whole process  i s  assumed t o  
t a k e  5 minutes. 

7. Trench Samples - The subsurface l aye r ing  can a lso be 
examined and sampled i n  a t rench ,  Larger and m o r e  ex tens ive  
subsurface samples may be obtained by t renching  than  by core 
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tube, and generally multiple samples are taken from the sides 
and bottom of the trench. Area documentation is carried out, 
and trenching is allotted 8 minutes when called for at a sta- 
tion. 

8. Magnetic or Gas Analysis Samples - In both magnetic 
and gas analysis sampling a variety of rocks is obtained away 
from points of possible contamination (such as the LRV) and is 
sealed in special containers. The location of the rocks is 
documented. The activity requires about 5 minutes for each 
sample. 

Magnetometer - The anomalous magnetic field along the 
traverse is determined by means of the Lunar Portable Magneto- 
meter. 
LRV, and the astronaut returns to the LRV to read the gauges on 
the electronics package. 
the electronics package is then reeled up and the instrument is 
stowed. This process is assumed, optimistically, to consume 5 
minutes. 

9. 

A sensor package is placed on a tripod 50 ft from the 

The cable connecting the sensor and 

10. Seismic Profiling Experiment - The lunar seismic pro- 
filing experiment uses seismology to attempt to determine the 
density and structure of subsurface geologic features. Explo- 
sive charges emplaced during the traverses are activated after 
liftoff and the seismic signals detected with a geophone array 
at the ALSEP. 
at one point in this traverse, with 5 minutes allotted to this 
activity. 
and setting a clock and/or throwing an activation switch. 

Deployment of the charge modules is called for 

Deployment consists of orientation of the package 
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APPENDIX C 

Cons t ra in ts  and Assumptions 

An at tempt  has been made t o  design t h i s  traverse i n  a 
manner c o n s i s t e n t  w i t h  the  most r e c e n t  program assumptions f o r  
EVA c a p a b i l i t y  (Reference 5 ) .  Accordingly, metabolic rates of 
700 Btu/hr f o r  r i d i n g  and 1050 Btu/hr f o r  s c i e n t i f i c  and opera- 
t i o n a l  a c t i v i t i e s  w e r e  assumed and c a l c u l a t e d  a g a i n s t  a -7 PLSS 
capac i ty  of 10 .04  l b s  of feedwater and 1.340 l b s  of oxygen. A 
30° sun e l e v a t i o n  angle  w a s  used f o r  EVA 3 ,  and overhead a t  t h e  
L M  a t  t h e  beginning and end of t h e  EVA w a s  assumed t o  t o t a l  1 .5  
hours. Using an average LRV speed of 8 km/hr, the  16 .8  km 
t r a v e r s e  planned here r e q u i r e s  2 . 1  hours of r i d i n g .  The EVA is  
feedwater l i m i t e d  t o  a length  of 6 hours and 50 minutes, l eav ing  
3 hours and 1 4  minutes f o r  a c t i v i t i e s  a t  t he  s t a t i o n s  when t h e  
1-1/2 hours of overhead a t  t h e  LM are accounted f o r .  Figure C - 1  
is  a p l o t  of t h e  EVA c a p a b i l i t y  permit ted by the  consumables 
w i t h  t h e  Merriam C r a t e r  t r a v e r s e  ind ica t ed .  

A t  any p o i n t  i n  t h e  t r a v e r s e  the  2 c r e w  m e m b e r s  must 
be a b l e  t o  walk back t o  t he  LM from a failed LRV. T h i s  walkback 
requirement imposes a c o n s t r a i n t  upon t h e  t r a v e r s e  such t h a t  
s u f f i c i e n t  PLSS consumables a r e  always a v a i l a b l e  t o  support  an 
a s t ronau t  walking back t o  the  LM a t  a metabolic rate of 1200 
Btu/hr and a speed of 3.3 km/hr. This t r a n s l a t e s  i n t o  a requi re -  
ment for a PLSS r e se rve  of 364 Btu/km of r e t u r n  d i s t ance  t o  the  
LM. The 45 minutes of planned c loseou t  a c t i v i t i e s  a t  t h e  L M  
following t h e  t r a v e r s e  provides  a 790 Btu pad which would s t i l l  
allow a 2.16 km walkback c a p a b i l i t y  a t  the end of the  traverse. 
Since t h e  l a s t  5 t r a v e r s e  s t a t i o n s  are w e l l  w i th in  2 km of the  
LM and the  t r a v e r s e  never exceeds a 3 km r e t u r n  d i s t ance ,  t h e  
walkback requirement i s  m e t  throughout with a l a r g e  margin. 

The c r e w  must also be able t o  r i d e  back t o  the  LM 
using t h e  B/SLSS i n  case of a PLSS f a i l u r e  a t  any p o i n t  i n  t h e  
t r ave r se .  T h i s  r ideback requirement imposes a c o n s t r a i n t  upon 
t h e  t r a v e r s e  such t h a t  s u f f i c i e n t  consumables remain i n  each 
PLSS t o  support  both a s t ronau t s  r i d i n g  back t o  t h e  LM a t  a 
t o t a l  metabolic rate o€ 1 4 0 0  Btu/hr and a speed of 8 km/hr. 
This t r a n s l a t e s  i n t o  a requirement f o r  a PLSS re se rve  of 175 
Btu/km of r e t u r n  d i s t a n c e  t o  t h e  LM. Since t h i s  va lue  i s  consid- 
e rab ly  less than t h e  walkback r e se rve  r equ i r ed ,  meeting t h e  walk- 
back requirement automatical ly  provides a rideback c a p a b i l i t y .  
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The O2 flow rate  of the B/SLSS i s  l imi t ed  t o  1 hour r i d i n g  
dura t ion  r e s u l t i n g  i n  a maximum rideback d i s t ance  a t  8 km/hr 
of 8 km. The rideback and walkback r e t u r n  d i s t ance  c o n s t r a i n t s  
as a func t ion  of EVA t i m e  are p l o t t e d  i n  Figure (2-2, w i t h  t h e  
t r a v e r s e  a l s o  shown. 
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